Background. There seems to be a consensus that family influences on dietary habits are important but few studies have addressed this issue directly. The purpose of this study was to determine if and how dietary intake aggregates within families. Methods. We examined the family aggregation of energy intake and the proportion of protein, fat and carbohydrate in the diet, estimated by a 3-day food consumption diary in 387 middle-class French families. Results. For energy and all macronutrients, spouse-spouse and child-child correlations were higher than parent-child correlations suggesting the minor contribution of genetics and the preponderant role of cultural and residual random environment. Variance component analysis confirmed the absence of genetic component for energy and all macronutrients and underlined the important role of a cohabitational effect for parents. Cultural inheritance represented 30-40% of dietary intake variance for children. Families who shared meals together more often had a lower residual random component. With the increasing number of meals eaten together (>45/week versus «45/week), between-generation components increased by about 10% for fat and carbohydrate, while for protein intake, the between-generation component for both parents (about 27%) and children (about 37%) remained unchanged. Conclusions. The general finding that dietary intake aggregates within families and that the individual behaviours are greatly influenced by characteristics within the family unit such as the number of meals eaten together provides additional justification for health promotion programmes that target the family as the unit for intervention. Keywords: family resemblance, energy intake, macronutrient intake, cultural inheritance It is well documented that risk factors for many diseases including coronary heart diseases, obesity, diabetes and some types of cancer occur within families.
It is well documented that risk factors for many diseases including coronary heart diseases, obesity, diabetes and some types of cancer occur within families. 1 " 3 While suggestive of a genetic effect, families also share cultural, behavioural and occupational factors that may also be related to disease risk. Dietary intake is one environmental factor implicated in the pathogenesis of chronic diseases and there seems to be a consensus that family influences on dietary habits are important. 4 " 9 Family resemblance in nutrient intake has been reported in spouses and between parents and their children; 10 " 15 however research on the similarity of dietary habits among family members is scarce and the extent to
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which this resemblance is genetically determined has not been clearly established. Studies on the food preferences of twins suggested a possible genetic component, children sharing genes with their biological siblings and parents, 16 " 21 but family studies did not agree with these results and underlined the preponderant influence of social environment. 22 " 25 During the first year of the Stanislas Family Study, we collected detailed dietary data on parents and their children aged 7-25 years. As a preliminary step, we investigated the family aggregation of energy intake and of the proportion of macronutrients in the diet among these French nuclear families. First, we computed the family correlations for energy and macronutrients. Secondly, variance component analysis was applied in order to assess the relative contributions of genetics, common household factors and the individual specific environment. Thirdly, we detailed the variance component analysis according to the number of meals shared by relatives.
METHODS

Subjects
The current analysis uses data from the Stanislas Family Study, a longitudinal survey involving 1000 families and designed to investigate the family factors related to cardiovascular diseases. A subgroup of 387 nuclear Caucasian families from the Nancy area was recruited at the Centre for Preventive Medicine of Vandoeuvre-les-Nancy (France) between January 1994 and May 1995 to have a free health check-up. Only volunteer families composed of two parents aged less than 65 years and two biological children older than 7 years were included. Families were excluded from participation if one member had a disease that could influence eating behaviour. The protocol and the aim of the study were fully explained to the subjects who gave their written consent. The research protocol was approved by the Scientific Ethics Committee of Nancy.
Dietary Record
To estimate nutrient intake, the 774 parents and 774 children completed a 3-day food consumption diary on two contiguous week days and one weekend day assigned at random. Parents and children were assigned the same 3 days. Participants were given formal instruction on keeping accurate records without changing their normal eating habits, and the completed diaries were carefully reviewed by the dietitian using a portion size picture booklet. 26 Each subject was responsible for his own recording; for young children only diaries were completed by the mother, with help from the child.
The 3-day records were entered and analysed by using a commercially computerized, nutrition data base program. 27 The nutrient values in the database include the most recent available French data and food-industry values. 28 The dietary variables analysed in this report were the means of the different variables reported over the 3-day period. During the family interview, information was collected about schedules of meals, location of eating, social environment of meals, and for breakfast, lunch and dinner, the number of meals per week shared by each pair of relatives (mother-father, mother-child 1, mother-child2, father-child I, father-child2, child 1-child2); the sum of the number of meals shared by these six pairs of relatives, for the three principal meals, was used as an index of similarities. To examine the effect of this index on familial aggregation, our sample of families was dichotomized at the median of the distribution (45 meals per week eaten together).
Statistical Analysis
The means and standard deviations for daily intakes of energy and macronutrients were calculated for mothers, fathers, sons and daughters and the distributions of all variables were tested for normality. Two classical methods were used to determine family resemblance of dietary intakes: correlation coefficient computation and variance component analysis. Since energy and macronutrient intakes were significantly correlated with age, the two methods were used on age-adjusted dietary data. The two statistical programs allowed adjustment for age within models, simultaneously and separately for fathers, mothers and offspring.
The family correlations were jointly computed using the maximum likelihood method described by Donner and Koval. 29 Differences in family correlations according to parent's or child's sex were tested by comparing the log-likelihood of different nested models. If LI is the log-likelihood of a general model and L2 the loglikelihood of a submodel, 2 (L1-L2) has an approximate X 2 distribution with degrees of freedom equal to the number of parameters restricted when specifying the submodel from the general model. 29 ' 30 Then, a multivariate normal model for pedigree analysis was considered using the approach of Lange et a/. 31 ' 32 The general model assumes that the studied trait (dietary intake) is the result of the sum of three independent random components: a polygenic component 'G' (representing additive genetic factors), a common environmental factor 'C (factors shared by members of the same family) and a residual 'E' (representing environmental factors specific to each individual). Each component is assumed to be random with mean zero and variance <J 
RESULTS
Mean characteristics and daily nutrient intakes of parents and offspring are presented in Table 1 . While age and Quetelet Index were lower for mothers than for fathers (P < 0.001), no difference was found between sons and daughters. Mean energy, carbohydrate, fat, and protein intakes were higher in males than in females for both parents and offspring. However, when expressed as per cent of non-alcohol energy intake, differences between males and females disappeared.
The pattern of family correlations for energy intake and the proportion of macronutrients in the diet are given in Table 2 . Significant correlations (P < 0.001) were found for all the various pairs of relatives. For energy and the three macronutrients, spouse-offspring correlation coefficients were lower than those between the other pairs of relatives. Father-offspring correlations were higher than mother-offspring correlations for all parameters but when testing for sib's or parent's sex difference, the test only reached statistical significance for energy intake.
Then, the contribution of genetic and environmental factors was investigated using the variance component model. No significant genetic contribution to variability in energy and macronutrient intakes was found. A mode! including only shared and individual-specific environmental effects, without genetic contribution, was considered to give the best description of the composition of energy and macronutrient variance. Shared common environment accounted for 32, 37, 37 and 33% of the variance in energy, fat, protein and carbohydrate, respectively (data not shown).
As a consequence of the previous results, a more complex model, presented in Table 3 , was tested. Shared common environment (c 2 c ) was subdivided into three components as described in Methods. For energy intake, model 3 did not differ significantly from model 1. As the likelihood function was higher for model 3, it better described the composition of variance in energy intake. For macronutrient intake, significant differences were found between the full model and other models. So, the full model including shared and individual-specific environmental effects and number of meals eaten at home was considered to give the best description of variation in macronutrient intake. For energy and macronutrient intake, total phenotypic variance was lower when meals eaten together were more frequent.
Components of variance (in per cent) for spouses and offspring are presented in Table 4 . For energy, shared common environment (between and within-generations) represented about 32% of the total phenotypic variance whatever the number of meals was. For all nutrients, the residual random component (o 2 E ) decreased for parents and offspring when numbers of meals eaten at home increased. For parents, the within-generation component (o" increased when the number of meals eaten together was S=45 meals/week. For children, both within (O 2^) and between (O 2 CC ) generation components were important and both increased by about 10% with increasing number of meals eaten at home. For parents and children, between-generation components increased by about 15% and 12% for fat and carbohydrate respectively, with increasing number of meals eaten together. However for protein intake the number of meals shared within the family did not influence the between-generation component for both parents (about 27%) and children (about 37%). DISCUSSION This study is the first to examine the family aggregation of energy and macronutrient intakes in a cohort of middle-class French families, taking into account the number of meals shared. No significant genetic effect was found for intake of energy and nutrients tested, and cultural inheritance was found to represent 30-40% of the total phenotypic variance, depending on the number of meals shared.
Like Perusse et al. 12 we used the 3-day dietary record to estimate nutrient intake in our sample of relatives and we also questioned the validity of this methodology. However previous studies showed that the 3-day dietary record including a weekend day provided reliable estimates of nutrient intake that were comparable to those derived from a 7-day record. 33 " 35 Correlation coefficients between relatives were relatively modest for all nutrients in the reduced model using the maximum likelihood method described by Donner. 29 For energy and all macronutrient intakes we found that between-generation correlations were lower than within-generation correlations suggesting that the contribution of specific common factors for parents and children, respectively, was preponderant. These low parent-child correlations were previously mentioned by Rozin et al. and called 'the family paradox'. 36 The moderate levels of family aggregation of dietary variables found in this study are generally in agreement with previous reports. l0~15 Oliveria et a/. 10 showed that most of the nutrients were more closely correlated between parents than between parents and children, confirming data from Perusse et al} 2 Spouse correlations ranged from 0.25 to 0.50 while parent-child correlations ranged from 0.25 to 0. 40. l012 Analysis using the FISHER program showed that best models for our family data were models with no genetic influence. For all nutrients, common environmental effects represented about 32% of the total phenotypic variation. For macronutrients, after eliminating the genetic component, parent-child environmental component represented 28-46% of children's total phenotypic variance.
Although Perusse et al} 2 found a little biological inheritance for macronutrient intake ranging from 11% to 20%, this genetic effect was not acceptable in the absence of a statistically valid solution. In agreement with our results they found a transmissible variance ranging from 31% to 45% and concluded that nonbiological factors, and particularly environmental factors non-transmissible between generations, were the preponderant factors of the phenotypic variation.
Most twin studies support our results by suggesting that food preferences are predominantly environmental, and not genetically determined.
16l8 ' 20>21 The exception to this was De Castro, 37 who found that overall nutrient intake is a highly heritable characteristic and, given that overall intake is a product of the size and frequency of meals, there may also be a high degree of heritability in characteristics of the meal pattern. However, De Castro used the Holzinger Index of Heritability, the validity of which as a coefficient of heritability was questioned by Christian el environmental effects between dizygotic and monozygotic twins. 18 The extent to which genetic factors influence food consumption evidently requires further investigation.
Taking into account the number of meals eaten together within the family enabled more precise definition of the different components of shared environment. First, the preponderant part of parent-parent common environment component of variance and secondly the equal part of parent-child and child-child components of variance tended to confirm the importance of the within-generation component and the lack of importance of a common environment between generations. So, the role of cultural inheritance was minor, although families who share meals more often have a greater shared parent-child environment component. Two studies 39 ' 40 manipulated the number of relatives present at a meal and suggested that the effect of the presence of relatives by extending meal duration on energy intake is a causal effect. We also found that spouses exerted a moderate but definite mutual influence on dietary intakes. These spouse correlations were attributable to a mutual influence from communal living or to a tendency of like to mate with like (i.e. assortative mating), or both; this hypothesis remains to be confirmed. 14 -15 In the literature, many factors have been identified which contribute to dietary intake similarities within the family (e.g. mutual influence, food preferences, eating behaviours, family organization, atmosphere and duration of meals) and particularly between spouses and children (e.g. adult role modelling, parent discipline, parent-child stimulation). 25 ' 41 -42 As a first step, we used a global index of family environment, the number of shared meals by relatives. Using our longitudinal sample of French families, future investigations will be conducted taking into account more accurate environment and cultural indices, in order to characterize the determinants of food and nutrient resemblance better.
Nevertheless, the general finding that dietary intake aggregates within families and that individual behaviour is greatly influenced by characteristics within the family unit such as the number of meals eaten together, provides additional justification for health promotion programmes that target the family as the unit of intervention. 43 
